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(54) SELF REFRESHING PERIOD CONTROL CIRCUIT OF SEMICONDUCTOR MEMORY 
DEVICE ? 

(57)Abstract: 

PURPOSE: To obtain a self refreshing period control 
circuit of a semiconductor memory device capable of 
actively optimizing the refreshing period in accordance 
with the variation of a power source voltage and 
peripheral temperature and also reducing the 
consumption of an electric current. 
CONSTITUTION: This circuit is provided with a 
temperature detecting part 40 detecting the variation of \ 
the peripheral temperature to a pre-set detecting 
temperature and a voltage detecting part 42 detecting 
the variation of the power source voltage to a pre-set 
detecting voltage. Either of a dividing pulse string 
outputted from a frequency divider 38 or either of many 
combined pulse strings generated by logically combining 
a dividing pulse string is selected with a pulse selecting 
part 44 in accordance with detected signals from both 
detecting part, whereby a master clock signal &phiv;Rd is 
generated. Therefore, a reference value or above and 
below of the peripheral temperature/the power source 
voltage are sensed, the refreshing period is actively varied, and then the optimal period is 
obtained. Also, since the optimal period near the longest data holding time of a memory cell is 
more precisely selected, unnecessary refreshing operation is restrained and the consumption of 
the electric current is reduced. 
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yaat-r*) ta, w.m^,^tLx^m^mm±mc 
5. 

[0 0 1 5] SUc, 7ay^0^rfflv^T*^lcJ:5 

■t;u7 y y uy <>jLjn»anii§iiso«ifSfti«^r. c b 

R-=6— K (;^-CAS Before M-RAS mode) fttfj 

Xhn-7"ffA-RASM (Site) 
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[0 0 19] C BR^E-K^fcU#ISl 0*^f±i^?n5 
^-eigliMI^Tmon te/^X^^© 1 2©£-l' 

h S. -y—ft? (current mirror type) y V^^Sifl^'fifi 

m&Rxmfmim* 1 9 8 7mm<o^xm -sympos 

IUM ON VLSI CIRCUITS DIGEST OF TECHNICAL PAPERS " 
C4 5-4 6WlcM7nZt\X^Z><DXCCXltmWZ'& 20 

[0 0 2 0] — 7b\ ^-f^ 6^?>tti^^n§/^X5lJ 
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<t> T mon Stf-tr;^ ';7VT>a M^srfhp 

-li/n—Z 1 1 6 iTi^titi/^. ccD'Czsn— $ 
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tU*X^-^l 1 2*^*JE«fflfl#* Vdet tffi 
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4, L I 1~L I 4^rfflCT-t-'l/7y7L->y->JL^sr 
fh P ^miA^tbT^t, ^-LTSVJcffl^oai* 
^l2A7JtUSMNANDy-M2 6, 12 
8£, NANDV-M 2 6 ©fflftm^fcAftfcfSfi 
?IJ^5 tlft-TV^-^ft^%?i^'y77Xf-i/ 1 3 
LOA77rXf-71 3 0(Dffitlfl^A73i: 

LTa**tnflt^*Tdet *ta*"rsai*xr— s^i 1 

2i:, ^'J77Xt->*1 3 0<Dffl7a^<Dffl*X-r— 

-^112 'WfcmttmiR.mcmm-rz c t tT-«tBKif^ 
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[0 0 2 5] N A N D Y— h 1 2 6 CQfg 1 A73lC-fe;l/7 

y 7 L-y ->o.M^srfh P *e»r*tt59»«snfc 4 n 
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2, Rw4*^LT®^SffVcc4S8lC^SnTI/-'So 
S^-Cs N AND^-h 1 2 8©^1 A73fC-b;l/7 U 7L- 
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[0 0 2 8] fr^frSJc^Cs iSA^ffcicft- 

Sfi^filiiR w 1 ~R w4 OfiMfti^ jRyJSttR 
p 1 ~R p 4 Ofi^ffcfcit^Tffittf&fcA^ < 

fPt±, $ffiji®l$Wk:M#^5Cfcfc::&:So 
JgJaR w 1 ~R w4&t>*#ygjnR p 1 ~R p 4#IUC 
SiRw 1 ~R w4<D73*^ySin;R p 1 ~R p 4 Ofiin 
/*-*U I 1 ~U I 4<0SPffljl®«Fra* < li>tSo K*Hc 

&mzaa * y ffi^ntf , •> x ;i>g$t rwi~rw4ids 

tftf'JgfcxR p 1~R p 4©a*t*a*D/hS<S:D. fit 
[0 0 2 9] ^tyasHOJBiajBflW^ftR 

srfhp "Vvr' -eA^nst, sz-fyA-* 

i^C^SnfcNANDY-b 1 2 8 0aj*tfs ^l-Y 
#i¥lc|g^£tl*:NANDY-b 1 2 6<DmtHZ 
JfcftoTtfcJl "a^" k:j»-r*OT?, N A N D Y— h 

1 2 6 ©ffi^Jli^S 'W x NANDy-M28© 

■©jBaffls«' : p«>K3esnfcia*j: •?«< ***** 

St. Wl-f>/*-**fc»«;£*UfcNANDY--h 1 

2 6 H2-rV/^— ?miCfflgH£tltcN AND 

y-h i 2 8<otB^jic$feicoTf^a "a*" 

©T% NANDy-h 1 2 8©£B;fr&!wS 'VW N N 
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IStlftNA N Dy--K-l-2-6ioa*^fia "/N-f" {c 

&s<dt\ iag^tmi^t » t det ag&g " 

t t- fimictm-s txtc nTnd^TTTo^ atufm 

[00 3 1] @5~07t±, ^^D7^%tfgl 

'J7Uyfa««Sffi»4 6, &t>*-^X^^a-y^^ 
g|5 4 8*»6«||«StlT43"J, @5fc/^;l'XSS?SP4 4, 
061CWJ 7Uy->i^5^SP4 6. ^LT07 
Jcvx^^n-y^^gP4 SOEFSSH^-en^n^-ro 
[003 2] 05 &Cjrc-r^;l/Xji#!a5 4 4 (S 
IE) mjEt£ffi{S*§A-0 Vdet Rtf (Ste) ifi**££Wi 
^/S-0Tdet ^NAND^-H 3 2tCA77$ns * 

t tfNANDy-h 1 3 4lcA*^tlSo S^t, Sffi 
^flJ{f^<f/^-Vdet %.Zfi&mm&m^<pT<let tfNA 
N D y— h 1 3 6 ICATjSn. ^ff^ffiff^* V 

det RZfi&fflkl&iS^ <t> Tdet #N A N D Y— M 3 8 
icA^^nSo — 73> »H«3 8ft»6ffl*atlS»JH^ 
^X?iJQ3s Q 5^NANDY— M 4 OlcAT^tV 
*^c, ^Jl/^X?iJQ3, Q6tfNAND Y— h 1 4 2 
fcATa^nSo ftmWZMQZ, Q5A^NA 




[0033] NANDy-M 3 2MNAND^h 

1 4 0OMMN0Ry-M 4 8lcAWtl, NA 
NDy-hl 3 4MNANDy-b 1 4 2cD^a^Jti 
NOR^-h 1 5 OtcA^J^n^o £fc, NANDy- 

h 1 3 6R-CfNANDy-h 1 4 4^ffl^N0Ry 
-M 5 2&cAft2fU NAND^-M 3 8RZfN A 
NDy-h 1 4 6C0#to^tiN0Ry-h 1 5 4 lc A* 
?tl§o ££tc, NORy-M 4 8MNORy-h 10 

1 5 O^fflAf^NORy-h 1 5 6lcXtl^ti, 
NORy-hl 5 2 RZfN ORy-M 5 4 (D^mtjiS 
m±NORtf-b 1 5 SlcXtl^tl^o ^LT, NOR 
y»M 5 6MNORy-h 1 5 8<0#£H;W1^W:N 
ANDy-M 6 0^AA?tl§o CONANDy-h 

1 6 0fr£>fi^<*>srp tfffi^'tlSo Mx-fcfs ^§§3 
8 fr£ ffi^J^ nS^^X^Jtf Q 0 - Q 7 <0 8 {ITS 

ftfcfs »m/^;i/x?ijqo-q 7ot^*rn^2f@-ro^rffl 

l/^TRT^MB^^2 8fiT, ^5^-TPT^ * 
^fl^Rl^2 8fl*OQ 3 + Q 5, Q3 + Q6. Q 20 
2+Q5, RZfQ0 + Q6*miRLTm^rci£'&lC-3^ 

tstn^o retell !&*fL*>ftm'Wxm<Dm.^ 

^/^l/X^it^^NORy-h 1 4 8-1 5 4-\ 
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[0 0 3 4] ^6^, /^l/Xjl^aS4 4*^tHWW 
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isiSM^Ln^o NORy-b 1 6 Atom 1 a#«b 
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y-M70i:, ^y^-^i6 8om*i§sr;^ 

7U !7Uy ~>i{Hfsrfhp ^A*i:t^NORy- h 1 

7 2£, NORy-h 1 7 2om^«^*sig?^a-r 

V^-* 174t, NANDy-h 1 7 0MV>/^ 
* 1 7 4 0*aj*fflf*A*tt5NANDy-h 1 7 
6£ N NANDy-H 7 6<DHJftOT*AAtUTV 

xj^d^OT^ Rd^ffl*t§ffl^77rxf- 

[0037] co®m<Dmtt*ffimcwiw*rz>t, 

7V 7W^aX^- 7VWI^0sre tfifeS "n^7" CO 
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U — ^ WJ7W^X*- !/;l/fl»*sre 
lis 'VvT' ©«^c^x**ny*«^0Rdte-fe;l/ 
7U 7 WS'jifi^srfhp ©JRCd^rlc&So -r&^b 
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SlA*i:U &V7V7Uyz/*m*§srfhp 

1 9 8£fflCTKi£2^TS?2 A^il-TSNAND 
y-H200t> NANDy-h2 00OfflAIf*g 

lA^J^b, Sfc, 5«OWlJ«||«tlfc>fV/^-*W 
2 0 2^aCTN ANDy- h 2 0 0Offl*«**5BB 
^t/Ste^^T^2A^^*TSNANDy-h2 0 4 

N A N Dy- h 2 0 4 0fflM«?^YffiBf §0 
Tmon *miRXfm2AJ]m^tLT&tt%NANU? 
— h 2 0 6t, N ANDy— h 2 0 6cO/±l^m^^rSte 
S*Ty-fey hM*§0 Reset^tB^-rS-l'V/^-^ 2 0 

8^. frS#MS;£ftT^* 0 

[0 0 4 0] dOISBST^ NANDy-h2 0 6lcA 



(7) 
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11 

Mte-b^y^UyS/jLfll^srfhp ^fraS "n»>" &c® 
'Vvf" TUiA?nSi:t) s NANDy- h 2 0 0O 

rwcfisffl 'vw tcasT^o cot*, z^^mm 

y hS^0 R esettiJS^ifcH "n^" LTfcti 

y<fey b^n^o 

[00 4 1 ] H 1 Olc. *HJSffi|0HI8Stt:^^54Hl^ 

WCOWJ7l/r>^ JRIfflllfflHlBSk: * S ^#JS§ 

[0 0 4 2] WTOSiWTHi, «S0J£LT. *-Y^3 

3o »SS3 8 O S C^l^JC 

-Q7 0«i TfHQ^2 



10 



12 



(■r&to-6«BSn*^*7-K*«) tt2. 0 4 8{@ 
SJEl^^SVfiftU^Hc^^^^y^/l/O-r 

[0 0 4 3]i3lCgn5^ **ySWfc««Stl 

*) <0^^y-fe;l/«D-r-*«J#^PJti 1 7 0msecT*a 
&C2, 0 4 8fi<Dff^tTV7l/7i/a^7^^ 

«n?t»»Bat*5«ir^* (Tafc-e^ysaitffi 
of-#«»i«HC(rtii:2 f o 4 8«otfte#bTy7 

[0 0 4 4] 

C*23 



[0 0 4 5] 





QO 


Ql 


Q2 


Q3 


Q4 


Q5 


Q6 


QT 


m ■ m 




8 fjs 


16 *s 


32 /is 


64 as 


128 


256 f* 


512 jis 


m3i 







case 1 


case 2 


case 3 


case 4 




*Vdet:L 
*TdeUH 


0Vdet:L 
0Tdet:L 


0Vdet:H 
0Tdet:H 


4Vdet:H 
4Tdet:L 


f-i'fiBWfH] Cms) 


1 7 0 


2 1 0 


2 B 0 


3 4 0 




Q2+Q5 


Q3+Q5 


Q0+Q6 


Q3+QS 




8 0 


9 6 


1 3 2 


1 6 0 


"J7l/-y S'&IM' ?/l*M Cms) 


163.8 


196.6 


270.3 


327.7 



[0 0 4 6] $?\ S 3 IC^Lfc 4 S 
JE«tBSP4 O^6ffi*r^nS«ffi«|tBS^0 Vdet tfifc 

a 'w r% sftttttSM 2^6m*sn*iBa»ffi 

[0 0 4 7] 0 1 <O0B&"C> CBR€-hTAot^-Y 

^e«Hi*S6*ffl3 4 (H2) fr&aj*sna*-i^« 
or t 3 6 ^5/^;i/X5ij 0 o s c ^ ffliisnSo * 

LT^/igg 3 8 7bV^l/X?iJ ^OSC br^i^;l/ 
X?UQO~Q7*:tt«7U C n5^^^X?IJQ 0 — Q 

[0 0 4 8] B 8 t*ti:;V7 U 7 1/7 *>aX*-7;I/ 



50 



n^B#S> — MfcLT2 0 0/isO^ffl^JSffl-r«fc. 
WV7l/y^aX^- :7;WI*§0sre "/\ 

TfflftSti (B*jStt o) . ^^US®iWJ7 
tc s "n^" tefgttffcStiftft^-RASfcfieo 

rtf0R^i "/w *iB*'rao LfctfoT. fe 

[0 0 4 9] B5«WHtSk> mj±fomm^<t> Vdet 

vw" \ ss^tam^^Tdet titan "n^- 

*(0r% NANDy-H3 40ffl*OWil "d 
ffl<ONANDy-M 3 2> 13 6. 13 

X?iJQ3, Q6*AAJ:r5NANDy-H4 2^6 
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ffl^/^I/X^JtiT^TMS^tl^o ^n^cfc^> NAN 

X^JQ3 + Q6tcfif«5cl^^^:^ 0 0$SU #/§/S;l/X 
?|JQ3. Q6^[ffIB#tCifeS 'W £*Z>m& t l~t 

[0050] cofi^^srp a, meic^tc^^yv 
fhp fcffiftstiSo tfat>%. mmwusrc^i/^-z 
o-e, fi#0srp #i&a 'vw frzwm "D^" tCjI 

oLft^srfhp tfiHAsns. 

[0 0 5 1] £tD£^, H7«r#Ba-rSfcx f^^RS 

4" &m&LT^%<Dt*, C<D^X**ny*^£ffi4 
8&. *>)\/7V y\yy->^m^srfhp ^Sfi^^TVX 
* * a *y ^ 0 R d fc LTtttfj-T £<> 
[00 5 2] ^X*^ny^^0Rdi4p<^:U»«O 
RASfx-y«SEU *Wc«oTTX>-jFny 
*i*0 R dT»J»Stlftrt»7 K UXtfSffiL, 2, 
0 4 8»7- FWLtDmRifififrtlT&mtEtU 1 fff 

[0 0 5 3] £<D<h€, 09^f y-fe-y hM*§#S£¥ 

atf^>f ^«««#0Tmon 'vw *jt»*r* 
^y^-?S2 o 2^ii^ra^jsi:fc/^i/xipg- i efs 

9 "n^7" *#*-*y-fey h«**Resettftti*Sn 

T% »JB»3 8fr5tH*S*lS»H/^l/XJlJQ0-Q7 
&T^T^ffi{fc£tU l»jfttOOi5IC»»fr6IBtt 

[0 0 5 4] JM±<Olfimix «BE#ltH«^4> Vdet RU 

s*^mM^0 Tdet tFtti^trnm arras 

X5UQO~Q7<0|8£. m^-0srp <05g£, WU7 
W'>afl«srflip <0f§£. ^LT^X^U^ff^ 
<^Rd t 0 — t 3 OiiSW» D i££ 

[0 0 5 5] C<0if-g\ ^J^Py^OT^Rdfftil 
9 "/\-f" »CgttftSn*l*^t 2~t 3<DB*H«\ so 



14 

;l/^«tBc fcifiiElLTt/^SO-e, 4»©y7U-r>il* 

S^0RdOSfflti> |g^/<;bX9JQ3 + Q6©JB»J 

(= 1 6 0 /xsec ) £i5lQl?Z>£tlcr£% 0 o£t>. 1 
*<0 *7- KHK«»RS nt'J7b *y a fffrt>t\Tc^ 

n u 7— KKwssswi s nr y7W^a #«ff s n 

& N 1 6 0 X2, 0 4 8 = 3 2 7. 7msecT*£D, 
10 XlTom^VtJWr— *«j*B#BB3 4 OmsectCjfi^ 
fc<Dfc-e*. H4y71/'r>afl»*»6n«. 
[0 0 5 6] —75". H3^bfcftEE«aj9S4 

^yyu^y^aL^srfhp anea w m *w 
fct>\ tttucmisi 1 4<Da*j«##ti« "/vr 

1 2©£iy-M 2 Ofcgil;*^ 
§ 0 ^tltCtSoTffi^jXx— ^1 1 2TH±, WJ7 

uv^aflt^rfhp #i&a "a9" frZWm "VW 

W&T&tZ (TX^^Py^0Rdtfi}I w A 

20 ^fcH{1^0 Vdet ^m^-T^o IrMSMC i4^Ucg 
*J$ffiSi$4 2fe«fe;l/7y7Uy->jLft^srfhp «1 

[0 0 5 7] ?%:t>*>, >?X?^P7?If0Rd*% 

snsBHc. «EE*aj«4oatf»**tij«4 * 

flick*), 05tC^L^;l/X?ljaS?a5 4 4T\ ffifcte 

«Ettf&A«*vdet atfja«*afli^0Tdet 

30 TNANDy— hi 3 2, 1 3 4. 1 3 6, 1 3 8£)5 

^ttmvmmv ±#w& t). s^tHm^^ vdet at/ 

g|54 4T% B»fflfl«*AAfct*NANDy-H 3 
40 80£B*^SSia "n^7" . i^NANDy-b 13 2. 
1 3 4. 1 3 60ffl»l 'W tc^D. *©*S 
ffl^^VX?iJQO4-Q6^Ji^^nTfM^0srp 

77^D>y drfll ^ 0 R d Of«lBfci:ffl*/^l/XWQ 0 + 
Q 6<Dfflm<D 1 3 2 jisec tC^t). CntC<fct). 1 

^ y -tr ; 1/ # y 7 u y * ^ ti tz$k ic m xf y 7 ix »y i/ ^ 
Stl**t?oy yUyiy^-f^^mm^ 132X 
2, 0 4 8 = 2 7 0. 3msec£&3£)T. ^r— X 3 tC*5 
tt§f-?S^K©2 8 0msecU:^3g£&3o 

so [0 0 5 9] ^t'J Sfflfc«»aft*WK«flERtf ;* ^ 



# 
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X 1 RUST—* 2lCf£% t^OlJlJiy V 7W^afcO 
[0 0 6 0] S3^Lfti5^ 

[0 0 6 2] Ct±0*JfcWfe:*lr^Ttt^ 05&c5^Lfc£ 

5 ft / <7VX3H?**«h Lt*;l/7 U7W^ mm* 

6 IcaK&fc-fe;!/? y 7 W $/aJBJJJ*i«M-* cfc 5 &c fe 
[0 0 6 3] 

JSboo»t>3fi^JBJ|)!*# , r*'vx*^nyir*»6n 



CH13 *«Mfc*S-fe;l/7y7UyS/iLjBJ«HMl|5itt 
OjBMSSt^p y * 0 O 
[02] Bl*OCBR*-K*ffl¥Sl 0«a 
[03] 01^O®E^ffla5 4 O<D[IJS&0o 
[0 4] 01 ^Ogft^mSM 2OIHK0O 
[05] 01*O/^;l/X?lJ»S?gP4 4OHIBS0O 
[0 6] 01 tp<D&]/7V7Uyi/3Lm^r$££&4 6<D 



[07] 01 4*<D*TX£^D^5g£S|5 4 8< 

[0 8] mi^o j t;\/7V7i'yz/3.ji^—y h frmm?% 

8O(U^0o 
[09] Hl^y-b7Hif^#g2 0( 
[010] 01 tcijVf HBk:*»afll^a?gHp 

1 0 

1 2 

1 4 

1 6 

1 8 

2 0 

3 0 
3 2 
3 4 
3 6 

3 8 

4 0 
4 2 
4 4 
4 6 
4 8 



y-fe*Ul«S£#® 



30 4 o «j±^ma5 



[02] 



30 

7" 



ras ^H>-[>H>H>H>> 



52 



cas >-DH>H>H>K> > 




0Tmon 



104 
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[01] 



"ra§- 



0R 

GENERATOR 

IT 



(9R 



GENERATOR 

T~ 

32 



10 



mO__ 

PI 

3D Z 



T 

34 



40~ 



VOLTAGE 
DETECTOR 



PVdet 



TIMER 



"T 

36 



00 
I Qn 

r 

38 
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* Reset 



RESET 
SIGNAL 
GENERATOR 

1 

20 



^^EMPERAnJREl 



DETECTOR 



*Tdet 



00 
01' 
03 Si 









Si 




roR 1 





46 



Qi 



SELF- 
REFRESH 
ENABLE 
SIGNAL 
1BHGENERAT0R 



<8sro 



—14 



[03] 

Vcc 




frVdet 



C06] 
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CH8] 



0Tmon 




186 



*sre 



[09] 




scihp 



198 



P Reset 



OTmon 



II 0] 




PRd 
0Reset 



